In each instance, it is necessary to decide what information is required to solve the particular medical problem.
In illustration, I would like to take one example of intensive care, namely of patients who have undergone cardiac surgery using profound hypothermia. Clearly measurements on such patients, following thoracotomy with involvement of the heart and lungs, is designed to detect and offset post-operative complications.
Consider some of the important factors. Blood loss and impaired cardiac action can lead to the features of shock, that is, to a state of circulatory failure characterized by systemic arterial hypotension and peripheral vasoconstriction. A low cardiac output and stroke volume may result from the operative procedures in the heart itself. Again, a time lag in fluid replacement or a failure of the peripheral circulation results in the central venous pressure being insufficient to fill the right side of the heart. By contrast, tamponade or a failing heart result in a low output with a raised venous pressure.
The response to a low cardiac output is a compensatory vasoconstriction which assists circulation through the carotid and coronary vessels but which is of temporary benefit, for reduced perfusion of tissues leads to hypoxia and metabolic acidosis.
These changes are associated with and complicated by the impairment of respiratory exchange. Inadequate oxygenation of arterial blood with reduction in blood oxygen tension accompanies alveolar hypoventilation or hypoventilation from respiratory depression with low tidal and minute volumes. Maldistribution between ventilation and perfusion can occur from collapse, accumulation of secretions, haemorrhage and so on.
This brief statement of the situation immediately suggests which items of information are required. Table 1 shows the parameters currently being measured. Blood loss is measured separately from the 
Recording of information
The present method of collecting information involves essentially three time scales.
(1) Waveforms of the relatively rapid phenomena such as ECG and arterial pressure are observed on an oscilloscope.
(2) A multichannel pen recorder charts arterial and venous pressures, together with ECG and pulse rate. A fairly slow paper speed of about 3 cm/min is used. This is sufficient for detecting trends, such as the response of atrial pressures to blood replacement or to changes in arterial pressure. The multichannel tracings act as an early warning system and at any particular time, the previous 3 min of tracing can be seen.
(3) A large pre-printed chart 2 ft x 2 ft 6 in. is employed on which all the results are entered by hand at quarter-hourly intervals. This large chart provides the main information of response to treatment and drugs, and procedures are entered on it, together with the intermittent determinations of arterial and venous oxygen saturation, Po2, pH, Pco2, bicarbonate and respiratory rate.
Consideration is being given at present to further developments in presentation. Fig. 3 pressure to be applied to the bag as it empties.
The control unit provides a calibrating pressure for the transducer. The pressure can be set up on a mercury manometer. The transducer can be raised or lowered so that any hydrostatic pressure difference between the transducer and the point of measurement is eliminated.
Cardiac output
During the past 2 years, the Gilford cuvette has been found satisfactory for the measurement of cardiac output using indocyanine green in combination with a general purpose analogue computer to analyse a dye dilution curve. The record is being examined for the variation in beat-to-beat interval to see if increasing runs of short beats built up before the onset of the tachycardia. Plots of expectation density function and scaled histograms are being employed. This experiment utilizes only a single parameter of the ECG but, as Caceres has shown, many ECG parameters can be derived and all these could be subjected to analyses of this type, the results of which could be cross-correlated with other simultaneous physiological recordings for the purposes of predictive monitoring.
It cannot be doubted that methods such as these, used on line, will avert many of the disasters which may threaten the intensive care patient of the near future.
intensive patient care and it is clear that there must be considerable problems in taking note of and in using all this information. The measurement of, say, the )aeart rate is only the first link in a chain of communication which returns ultimately to the patient via one or more doctors or nurses, who can only take the appropriate action to correct changes in heart rate if the information provided by the recording system is brought to their notice at sufficiently frequent intervals. An automatic observer such as a computer could well monitor and carry out corrective action in a continuous manner with virtually no time lag between observation and action but the relative slowness of response of the human observer makes it impossible to achieve this ideal state of affairs. It is therefore necessary to decide in advance how frequently to monitor any particular parameter, or when continuous monitoring is possible, how frequently to observe and act upon the monitored information.
The use of a computer to predict changes in cardiac action was suggested by Dr Cliffe with particular reference
